Background: Saliva is a potential diagnostic tool in the management of human diseases. Analysis of saliva in healthy individuals is vital to comparison in a diseased state. There is a paucity of data on the physicochemical composition of saliva among Nigerians.
Introduction
Oral health is more important than generally appreciated as the mouth gives information about systemic health, in addition, diseases in the mouth could also affect the overall general health [1] . Unfortunately, despite the enormous importance of oral health, the awareness and good oral health practices are generally low most especially in the underdeveloped parts of the world [2] .
Saliva is a colorless fluid secreted into the oral cavity by salivary glands and gingival crevicular fluid and is of great importance in the maintenance of oral health due to its roles in maintaining oral mucosa immunity and oral homeostasis [3, 4] . The major salivary glands are submandibular, sublingual and parotid gland while the minor salivary glands are widely distributed in the oral mucosa [5] . Saliva performs a wide range of functions due to its versatile contents that are physically and naturally combined, making each of the content to retain or perform its function without interference. Saliva it aids swallowing and mastication (due to the lubricating effects of the mucin) and digestion (due to the presence of salivary digestive enzymes, salivary amylase, and salivary lipase). It is also antibacterial (due to the presence of immunoglobulin's, lysozyme, lactoperoxidase and so on), anti-caries (due to the presence of fluoride) and aids mechanical cleansing due to its high water content. As a result of the vital functions of saliva, a slight reduction in the whole saliva or its constituents will lead to impairments of the salivary functions and subsequently leading to impaired oral functions. Constituents of saliva vary with neural stimulation, age and emotional states of the individuals [4] . Inability to feed well, oral ulcerations, feeling of dryness in the mouth, oral burning sensation and taste impairments are some common presentations in patients with the reduced salivary flow, this often leads to reduced quality of life in such patients [6] .
Of great importance in saliva physiology is the potential use of saliva in the diagnosis of human diseases. The diagnosis is made by comparing the vital indices from the saliva of patients with diseases with that of the standard or healthy patients before an inference is deduced [7] . The fundamental step in this procedure will, therefore, involve knowing the empirical indices for healthy patients. An increase in some constituents of saliva could point to the underlying disease. A common example is increased salivary blood sugar which reflects an impaired glucose metabolism, a condition that is seen in diabetic mellitus. Also, increase salivary urea may indicate renal problems. Several studies on quantitative and qualitative properties of saliva have been conducted among Caucasians [8] . However, studies that aim at determining such properties in Nigerians of different age groups are scanty, probably due to cost implications of carrying out such studies or the general low awareness of oral and systemic health interconnections. Local variations exist in the salivary constituents, for instance, the unstimulated salivary flow rate in healthy subjects which was reported among the Caucasians to be 0.1 mL/min was 2.5 mL/min in the Nigerian population [5, 6] . In view of the tendency for racial differences in these important characteristics of human saliva, there is a need to establish the correct values for healthy Nigerians. This is the gap that this study aims at filling.
Materials and Methods
This study, designed as a descriptive cross-sectional study, was carried out in Obafemi Awolowo University Ile Ife, Ife Central Local Government Area of Osun State, Nigeria. Subjects for this study were Page -02 ISSN: 2377-987X consenting students and staff of Obafemi Awolowo University, Ile Ife Nigeria. Subjects with history suggestive of systemic and oral disease, pregnant and menstruating women, those with recent or concurrent medication/herbal concoction use and those who just had recent oral surgery procedure were excluded from the study.
Sample size determination
The sample size was calculated using the formula for a descriptive study as reported by Eng. (2003) as follows:
Where N is the total number of subjects required. SD is the standard deviation from a known study. Tarbay et al. 1997 had reported the mean unstimulated salivary flow rate of healthy subjects to be 0.397±0.26 mL/min; hence SD was taken as 0.26. Z crit is a constant called Standard Normal Deviance which is 1.96 at clinical significance of 0.05. D is the total width of an expected Confidence Interval (CI) and was set at 0.065. With the power of 90% and the significance level of 0.05, a sample size of 173 subjects was obtained and rounded up to 200 to allow for attrition The sample size of 173 subjects obtained and rounded up to 200 to allow for attrition.
Sampling technique
The simple random method was used to select the participants among the pool of staff and students of Obafemi Awolowo University, Ile Ife.
Research instrument
The instrument used for data collection was a self-administered questionnaire. The questionnaire was divided into three sections. Section a elicited information on sociodemographic attributes of the patient. Section B elicited information about the flow rate and biochemical analysis of saliva. Section C elicited information on the assessment of the concentration of selected electrolytes in the saliva.
The questionnaire was pre-tested using 20 volunteers.
Ethical considerations
Ethical approval was obtained from the Research and Ethics Committee of the Institute of Public Health, Obafemi Awolowo University, Ile Ife.
Saliva collection
Saliva was collected from all subjects between the hours of 10:00 am and 12:00 am using spitting method [9] .
Estimation of salivary urea
This was done using Randox ® Kits BT294QY, United Kingdom. The kits followed Urease-Berthelot method of urea estimation. The ammonia is the measured photometrically by Berthelot's reaction. The procedure for the measurement is essential as contained in the manufacturer instructions and the salivary concentration of urea was calculated using the formula:
Estimation of salivary creatinine
This was done using Randox ® Kits BT294QY, United Kingdom. The kits operate on the principle that creatinine in alkaline solution reacts with picric acid to form a colored complex. The procedure for the measurement is essential as contained in the manufacturer instructions.
The salivary concentration of creatinine was calculated using the formula:
Absorbance of the sample (saliva) × Standard Concentration Saliva=
Absorbance of standard
Standard concentration is a constant =169 µmol/L

Estimation of salivary glucose
This was done using Randox ® Kits BT294QY, United Kingdom. The kits followed Urease-Berthelot method of urea estimation. The procedure for the measurement is essential as contained in the manufacturer instructions.
The salivary concentration of glucose was calculated using the formula:
Absorbance of the sample (saliva) × Standard Concentration Saliva=
Estimation of Salivary pH
This was done using pH meter. The instrument was first calibrated by using standard buffer solution of 4.18, 8 and 11.5 respectively and thereafter 0.0Lml of the sample (saliva) was carried with a pipette to come in contact with the sensitive part of the probe of the pH meter.
The pH of the saliva shows immediately on the screen.
Estimation of Specific Gravity
This was done using a volumetric pipette and weighing balance. A volume of 0.01mL of saliva was pipette in a tube that was preweighed. The weight of the 0.0lmL volume of saliva was recorded as vs. The specific gravity was calculated as follows;
The Specific Gravity (SG) is equal to the weight of 1mL saliva, if we are the weight of 0.01 mL, then
SG=Ws 100g/m ×
Estimation of electrolytes
This was done with atomic absorbance spectrophotometry using atomic absorption spectrophotometer (PG-990 R ) which followed the principles of Beer-Lambert Law. The calibrations of each of the samples were first done using standard solutions of the electrolytes Page -03
following the manufactures instructions. Thereafter, the samples were introduced into the machine which allows for sucking of the samples into the nebulizers where the samples become atomized with high energy flame. The Hollow Cathode lamp which is specific for each of the electrolytes to be measured is inserted to the lamp hole. The hollow cathode lamb releases radiation which is absorbed by the atomized samples. The amount of absorbed radiation reflects the actual concentration of the electrolyte which was displayed on the attached monitor. The values of the absorbance were then used to get the actual concentration from the machine.
Data analysis
Data were analyzed using STATA 11 statistical software (StataCorp, College Station, Texas). Descriptive statistics were used to characterize socio-demographic variables such as age and sex. Analyzing for descriptive factors for salivary constituents with continuous variables include checking for mean, median, mode, and range as appropriate. After subjecting to normality tests, comparison of the mean values at the various age groups and sex were done using students-test and ANOVA since the data showed normal distribution. Statistical significance was set at p<0.05.
Results
Age and sex distribution of subjects
Two hundred subjects comprising 108 males and 92 females, mean age (SD) 21.7 (7.7) participated in the study. About half (98, 49%) were between ages of 21-30 (Table 1) .
Physical properties of saliva among the subjects
The mean unstimulated salivary flow rate was 0.398±0.25 ml/ min. Males had a significantly higher flow rate when compared with females (P=0.033). The mean specific gravity and pH of the participant saliva were 0.119±0.14 and 7.52±0.51 respectively with no statistically significant sex variation p=0.096 and 0.313 respectively (Table 2 )
Values of some important chemical compositions of the saliva of the subjects
The most concentrated chemical substance in the present study was sodium ion with the concentration as high as 2.171 mmol/L followed by calcium with a concentration of 0.019 mmol/L. The least concentration was calcium ion with a concentration of 0.19 mmol/L ( Table 3) .
The relationship between sex and salivary constituents of the subjects
Majority of the parameters showed higher values in females with the exception of glucose and magnesium concentrations. However, a significant difference was only seen in salivary flow rate which was significantly higher in females with p=0.0326 and in phosphate concentration which was also higher in females with p=0.449. Glucose and magnesium concentrations were higher in male but the differences were not statistically significant, P=0.1056 and 0.1913 respectively ( Table 4 ).
The relationship between age and salivary constituents of the subjects
The pH of saliva was significantly increased in people above 30 years, p=0.008. Other salivary parameters that are significantly increased at ages above 30 years are creatinine, glucose, specific gravity, calcium, and phosphate concentrations. On the other hand, subjects at ages above 30 years had reduced Sodium and Magnesium concentration but the difference was not statistically significant, p=158 and 0.151 respectively ( Table 5 ).
Age-related variations in unstimulated salivary flow rate of the subjects
The highest salivary flow rate was seen between the ages of 31 and 40 years. Subjects ranging in age from 21 to 30 had the lowest flow rate when compared to those below 20 years and those above 30 years (Figure 1 ).
Age-related variations in salivary glucose concentration of the subjects
Glucose concentration was lowest among subjects in the 21 to 30 years age group category. The highest value was seen in subjects within age of 31 to 40 years followed by those with age less than 20 years (Figure 2 ).
Age-related variations in salivary creatinine concentration of the subjects
Creatinine concentration was highest among those less than 20 years of age, and then the mean values gradually reduce with increasing age (Figure 3 ).
Age-related variations in salivary urea concentration of the subjects
The urea concentration was observed to be gradually increased with age with the highest values recorded at age 31-40 years ( Figure  4 ).
Discussion
The quality and quantity of saliva in the mouth is a reflection of both the general and oral health of the individuals [10] . This study aimed at determining the normal values of selected salivary parameters in our environment with a view to using the values obtained for diagnosis. Saliva consists of inorganic (electrolytes) and organic substances, the concentrations of which vary with respect to the individual disease state and the changes in the environments [4, 11, 12] .
Generally, the mean whole unstimulated salivary flow rate varies from 0.053 mL/min to 0.71 mL/min [13, 14] . In this study, the mean unstimulated salivary flow rate was 0.398 ml/min. This result was in agreement with findings from a study among the Brazilians where unstimulated salivary flow rate was 0.33±0.021 mL/min and an Italian population study that reported 0.336 mL/min [15, 16] . However, higher values such as 0.46±0.25 mL/min, 0.61 mL/min and 0.71 mL/ min were also reported among the Jordanian, American and Nigerian population Conversely [14, 17, 18] , relatively lower values as 0.053mL/ min had been reported among Indians (0.30 mL/min) and Japanese (0.053 mL/min) Diets may play some roles in this variation since consumption of acidic juices were common in these Asian countries and the acidic juices have been associated with the reduced salivary flow [8, 13, 19, 20] . Other possible reasons for the variability in the findings include genetic variability [21] , dietary changes [22] , habits such as bruxism [23] , and changes in environmental conditions [24] .
Sex variations also exist in unstimulated salivary flow rate. Unlike APS et al., who reported higher flow rate among females [4] , this study showed higher salivary flow rate in males and this was similar with the findings from a Japanese population and Chinese population [25, 26] . The lower salivary flow rate in females has been attributed to the smaller size of major salivary glands found in them and probably the effects of sex hormones [25] . Salivary flow increases with hormone replacement therapy in postmenopausal women indicating that oestrogen and another female hormone may play some roles in improving salivary flow [27] .
The concentration of sodium in this study was 2.171 mmol/L, lower than the reports of Kallapur et al. (11.1 mmol/L) Sodium excretion through the sweat glands is usually enhanced in hot weather (dry season) due to dehydration [28] . This study was conducted during the Nigerian dry season (November to April), hence providing the possible reason for reduced salivary sodium.
Like sodium, chloride ion plays vital a role in the maintenance of body fluid osmolality, it is a very important extracellular ion. The concentration of salivary chloride obtained from this study was 15.52 mmol/L. These results were in agreement with a study from European (Belgians) population by Aps et al. 2005 who reported mmol/L [4, 15] . The slightly higher value (15.52 mmol/L) found in the present study when compared to the Belgians study might be due to the influence of weather.
Potassium ion concentration in the present study was 0.03 mmol/L. Since potassium is always actively reabsorbed in the salivary ducts, its concentration in the saliva tends to be lower than that in the plasma [4] . According to Ueno et al, plasma and hence salivary potassium are affected by both the cardiovascular and renal status of individuals [29] . Lower potassium concentration (0.03 mmol/L) was obtained from this study when compared with 20 mmol/L reported by Aps et al. 2005 [4] . The fact that this study was also conducted in dry season during which reduction in both quantity and quality of saliva produced is expected may be the reason for the reduced value. Dietary factors and genetic variability have also been linked to heart failure and blood potassium [30] . Angiotensin Receptor Type 1 (AGTR1), which plays a vital role in maintaining blood potassium through Renin Angiotensin Aldosterone System (RAAS), is located on chromosome 3q21-q25 [31] . Genetic variations of this receptor locus on the chromosomes may be another possible reason for the differences in salivary potassium.
Phosphate is quite important in maintaining intracellular fluid homeostasis and is freely filtered into the saliva. The salivary concentration of 8.8 mmol/L for phosphate in this study was higher than that of Rockenberch et al. that reported 5.6 mmol/L [32] . Alterations in calcium and phosphorus metabolism are often reflected in abnormalities of urinary excretion as well as abnormal production of parathyroid hormone. Dietary variation, habits and genetic variations in the locus coding for the hormone receptors may be responsible.
The pH of 7.5 observed in this study is similar to the finding of some earlier studies [14, 32] . The presence of standardized buffer systems in the body which a fairly constant acid-base balance in the body irrespective of the environment and diets may be responsible Glucose concentration in this study was 0.115 mmol/L, greater than 0.071 mmol/L that was reported by Lasisi et al. The patients who participated in Lasisi's study fasted overnight, unlike ours who did not fast prior to saliva collection. This may be responsible for the differences in the reports of the two studies. This study also showed a higher salivary glucose among subjects aged 30 years and above. Increasing age is associated with impaired glucose metabolism.
Urea is a product of metabolism of protein which is normally secreted by the kidneys and also not a normal constituent of saliva. In this study, salivary urea concentration of 7.12 mmol/L was obtained. This falls within the range of value of earlier studies which was 7.01-7.22 mmol/L [14] . In a healthy individual with functional kidneys, the concentration of blood urea which also determines salivary urea is well regulated. Salivary urea is essentially a reflection of significant changes in the pathologies involving the kidneys. In this study, the subjects were healthy individuals and hence the findings. Age changes do not show any direct relationship in this study as the concentration was maintained at 0.7 mmol/l, this also may be reflecting the renal impairment among some of the apparently healthy subjects.
Salivary creatinine concentration of 1.608 mmol/L reported in our study is higher than the findings by Lasisi et al. 2016, a study done on Nigerian population during raining season, and that of a Turkish population by Render et al. 2017 that was 0.02 mmol/L and 0.95 mmol/L respectively. Salivary creatinine increases with muscular activities which appear to be commoner among young adults that were used in this study than in the adult subjects used by Lasisi et al. and Render et al. This may be responsible for the relatively higher value obtained in this study. In addition, this study was conducted during dry season which was associated with dehydration and increased salivary creatinine. Other possible reasons include variations in genetic makeup and increased protein diets.
The importance of developing baseline values for assisting salivary diagnosis is vital for medical practice. It is, however, important to take into consideration the average weather condition where the saliva collection was done, age of the patients, choice of diets peculiar to the patients, habits and genetic variability. When all these factors are taken into consideration, it might provide a promising, widely acceptable and efficient diagnostic method in the future. It also noteworthy that the rising concentration of salivary concentration of renal markers shows the possibility of renal impairment as the age increases.
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Conclusion
This study has supplied the local values of some quantitative and qualitative salivary parameters. We observed little variations among the selected parameters which show evidence of changes in our genetic and environmental factors when compared to the other countries of the world. A conspicuous finding in this work was a higher salivary flow rate among the males which does not agree with some earlier studies which shows female predilection. Specific gravity was also found to be higher in men. These variations illustrate the uniqueness of the people of Nigeria, and it is necessary to conduct research on the basic data of local populations rather than blindly using data from foreign populations to manage local patients.
